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CHAPTER I 

INTRODUCTION TO CHAGAS DISEASE 

Chagas disease, also called American Trypanosomiasis, is an endemic, infectious 

disease that affects approximately 16-18 million people throughout South and Central 

America and Mexico ("Chagas Disease Fact Sheet" 2002). Chagas disease is caused by 

the protozoan parasite Trypanosoma cruzi and is most commonly transmitted via blood

sucking insects known as triatomines, which are also known as kissing bugs, assassin 

bugs, vinchuchas, or barbeiros. Those most at risk for transmission reside in 

impoverished areas burdened by unsanitary housing conditions. Presently, there is no 

effective cure for Chagas disease. 

Discovery 

Andean peoples have suffered from Chagas disease for over fifteen hundred 

years. In fact, evidence of the disease has been found in Chilean mummies as early as 600 

A.D. (Bastien 1998). It was not until the early twentieth century, however, that the agent 

that caused the disease was discovered. 

Carlos Chagas, a Brazilian medical scientist, was working in Lassance, Brazil to 

control an outbreak of Malaria among railroad workers. As he treated the afflicted, he 

repeatedly observed symptoms that were not malaria-like. After a railroad engineer 

introduced Chagas to local blood-sucking bugs, now known to be triatomines, he 



intuitively pieced together the connection between the blood-sucking insects and the 

flagellated organisms he found in their guts, later named T. cruzi. 

His suspicions that the microorganism caused this unnamed disease were 

confirmed in April 1908 after he spent the night at a house infested with the triatomine 

bugs and a sickly cat. Upon examining the blood of the cat, he found T. cruzi present 

(Bastien 1998). He returned to the house several weeks later only to find that the 

previously healthy, young child who lived in the infested house had fallen ill with 

symptoms of the acute phase of the disease, and after examining her blood, Chagas found 

T. cruzi present (Umezawa 2001). 

Chagas went on to document many similar cases as well as identify congenital 

infection (Umezawa 2001). Along with his mentor, Oswaldo Cruz, for which the parasite 

is named, he first documented the primary parasitic cycle of T. cruzi: the parasite is 

transmitted from the feces of triatomine insects to mammalian hosts after the bugs 

defecate near a skin opening (Bastien 1998). 

Preliminary Discussion 

Chagas disease is closely related to the social and economic development of the 

nations whose people suffer from it. In several countries, controlling the vectors of the 

parasite, monitoring blood bank supplies, and educating those at risk have been 

successful strategies to decrease the prevalence of the disease (Control 2002). However, 

increased research and improvement of control programs must continue to provide relief 

to the countries that are burdened by the disease. A multinational, multidisciplinary 



approach to eradicating the disease will be necessary due to its biological and social 

complexities. 

Chagas disease, whose current burden is primarily borne by those countries of 

Latin America, is not a problem to be dismissed or overlooked by the rest of the world. In 

an interview. Dr. Ronald Warner, associate professor of Clinical Preventive Medicine and 

Epidemiology at Texas Tech University Health Sciences Center, laid out several reasons 

why Chagas disease is of growing interest to the United States. First of all, with the 

global climate change, our planet is experiencing global warming. Many vectors (not just 

of Chagas disease) are moving northward. He referred to documented cases of canine 

Chagas disease in both Oklahoma and south Texas that clearly indicate that the vectors 

and the parasite exist in the southern United States (Beard 2003). Dr. Warner also 

referred to the increased waves of immigrants from Central and South America to the 

United States and confirmed that it is not just people that are coming into the country, but 

the parasite too. This raises two major concerns. One, if natural populations of 

triatomines inhabit lands along the border and southern portions of the United States, 

typically where Latin American immigrants initially migrate, then there is opportunity for 

the triatomines to become vectors of the parasite. Secondly, an increase in population 

affects the blood supply and blood and organ donation. Dr. Warner described a recent 

outbreak of the West Nile virus, in which the disease was transmitted through infected 

donor blood, at least inferring that T. cruzi infected blood poses a similar potential threat. 

His concern is validated by documented cases in the United States of T. cruzi 

transmission associated with transplantation of organs from a single infected donor 



(Zayas 2002). Dr. Warner believes that Chagas disease warrants the curiosity of 

researchers in the United States, but he also feels that it is receiving adequate attention. 

The following project is a review of a compilation of current material available on 

Chagas disease. This work was highly influenced by the book The Kiss of Death: 

Chagas' Disease in the Americas by Joseph Bastien (1998), as it is the only scholarly 

research text in English that extensively covers Chagas disease. A recent report from a 

meeting of the World Health Organization Expert Committee on the Control of Chagas 

Disease was also very useful. This project attempts to present a holistic overview of the 

disease, as well as, indicate areas where more research is needed. 



CHAPTER II 

EPIDEMIOLOGY OF CHAGAS DISEASE 

Originally Chagas disease was designated a zoonosis (Control 2002). A zoonosis 

is a disease that normally occurs in wild animals but can be transmitted to humans 

(McElroy and Townsend 1996). Chagas disease consists of a T. crMzz-triatomine-

mammalian life cycle. The cycle may be sylvatic or domestic. A sylvatic cycle indicates 

that both humans and domestic animals are absent (Control 2002). However, 

deforestation and colonization have created new ecological niches for the parasite and its 

vector, thus allowing a domestic cycle to exist at endemic levels in human populations. 

An endemic disease is one that occurs continuously in a population at moderate levels 

(McElroy and Townsend 1996). 

Geographical Distribution 

Chagas disease occurs in regions of the southern United States to southern 

Argentina (Figure 1). Chagas disease-endemic countries include Belize, Bolivia, Brazil, 

Chile, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, Honduras, Mexico, 

Nicaragua, Panama, Paraguay, Peru, Uruguay, and Venezuela ("Geographic" 2002). It 

was estimated in 1985 that 100 million people, or 25% of the population of Latin 

America, were at risk of being infected with T. cruzi, and the overall number of human T. 

cruzi infections reached a total of 17.4 million cases in the endemic countries (Control 

2002). 



Figure 1 

O CKjjis-Fndernic Countries 

Geographical Distribution of Chagas disease 

Source: "Geographical Distribution." World Health Organization, 2002. 

Deforestation 

The deforestation of Latin America is one reason for the spread of T cruzi. As 

native land becomes depleted due to land overuse, the triatomine vectors are forced out of 

their natural habitats where they feed on wild animals and settle in other areas that are 

often domestic. Consequently, the vectors find new sources of blood, often human, 

thereby creating a new reservoir for T. cruzi to occupy. It is interesting to note that if the 

timbering of Amazon forests continues at the present rate, the primary forests of the 

Amazon will be completely cut down by 2020 (Basden 1998). Uncontrolled deforestation 

is one reason why the Amazon basin, once considered "beyond" the boundary of Chagas 



disease, now faces an influx of triatomine vectors (Control 2002). The development of 

new ecological niches for these vectors is a matter of concern because new host 

populations usually meet the parasites having less natural immune defenses (Bastien 

1998). 

Migration 

Vector Migration 

Warmer temperatures particularly associated with global warming and the El 

Nino Southern Oscillation may increase the geographical distribution of vectors to 

include lands of higher elevation (Control 2002). Also, vectors are moving northward as 

overall climates of lands further from the equator become warmer (Warner 2003). 

Rural to Urban Migration 

Traditionally, Chagas disease has been a rural problem affecting mainly 

subsistence farmers. However, economic hardship in Latin America has spurred 

migration to urban areas; in fact, approximately 75% of the population of Latin America 

now live in cities (Schmunis 1999). It is estimated that about 300,000 infected people are 

living in the city of Sao Paulo, Brazil and more than 200,000 in the cities of Rio de 

Janeiro, Brazil, and Buenos Aires, Argentina, because of migration (Dias 1992). The 

"rural to urban movement," occurring primarily during the 1970s and 1980s, changed the 

traditionally rural pattern of the disease, thus increasing the risk of acquiring the infection 

by blood transfusion in cities ("Disease" 2002). 



Industrialization is one cause of the rural to urban movement. As lands are taken 

over for industrial farming, the families who lived and worked there migrate to the cities 

looking for jobs (Bastien 1998). Oftentimes during the move to the city, the vectors are 

passively transported from the rural into urban areas on clothes, belongings, vehicles and 

the like. 

As the cities of Latin America become more crowded and densely populated, 

those lacking the material means and assets for adequate housing, construct their modest 

homes on the outskirts of cities. These "peripheral urban slums" provide a fertile 

breeding environment for the vectors and the parasite to thrive (Bastien 1998). 

Emigration from T. cruzi endemic 
countries to the United States 

The 1990 United States census indicated that more than 7 million people from T. 

crwzZ-endemic countries now live in the United States (Schmunis 1999). It is estimated 

that 25,000 to 100,000 of U.S. immigrants from Latin America may live with T. cruzi 

infections (Zayas 2002). An increase in international trade between North America and 

its neighbors to the south, made possible tlirough the North America Free Trade 

Agreement, is one way for T. cruzi to spread across the border (Bastien 1998). 

If a parasite, its vector, and potential hosts reside in proximity to one another, and 

if certain environmental conditions are present, then the possibility of a disease outbreak 

exists. There are several concerns regarding the increased presence of T. cruzi in the 

United States. First of all, there are at least twelve species of triatomines known to occur 

in the United States (Beard 2003). Further study of these insects is imperative to 



determine if in fact they are potential carriers of the T. cruzi. In addition, if some of the 

immigrants of Chagas disease-endemic countries who cross the border are looking for 

opportunity and work, then it is conceivable that some may initially stay in poor, 

underdeveloped communities with substandard housing, normally in the southern United 

States (Warner 2003). This creates a potential environmental condition in which the 

vectors and hosts may coexist. Apart from such conditions favorable to the disease, 

Chagas disease exists ahnost exclusively as a zoonosis in the United States. Only five 

insect-borne cases have been reported in humans (Beard 2003). 

Effects of the Disease on the Culture 

Morbidity and Mortality 

Some 100 million inhabitants (about 25% of the population) of Latin America are 

at risk of acquiring Chagas (Control 2002). Approximately 16-18 million people 

currently have Chagas disease, and 5-6 million of these people will develop chronic 

symptoms and eventually die from Chagas disease ("Chagas Disease Fact Sheet" 2002, 

TDR 1997). There is a lack of precise epidemiological information regarding the 

morbidity and mortality due to Chagas disease because it is difficult to identify 

individuals in the intermediate phase of infection; it is likely to go underreported because 

of the social stigma that the disease carries ("Chagas disease" 2002). 

Table 1 breaks down the prevalence rates of the disease in Latin America based 

on the level in which control programs are operative. In general, it may be concluded that 



those countries with control programs and activities in place have a lower infection rate 

than countries that do not. Control activities are discussed in Chapter 4. 

Table 1 

Prevalence of human T cruzi infection in Latin America, 1980-1985 

Source: Control of Chagas Disease. Second Report of the WHO Expert Committee. 2002. 
— tav 1 « =̂  :rr- . Tg- — •• 

Country 

Groupl' 
Argentina 
Brazil 
Chile 
Honduras 
Nicaragua 
Paraguay 
Uruguay 
Venezuela 
Group i r 
Bolivia 
Colombia 
Guatemala 
Group III'' 
Costa Rica 
Ecuador 
El Salvador 
Mexico 
Panama 
Peru 
Total 

Sample size 

ND 
1,352,917'' 

13,514" 
3,802 

ND 
4,037" 
5,924" 
5,696" 

56,000" 
20,000 
3,952 

1,420 
532 
524 
ND 

1,770 
92 

Percentage 
infected 

10.0 
4.2 

16.9 
15.2 
ND 

21.4 
3.4 
3.0 

24.0 
30.0 
16.6 

11.^ 
10.7 
20.0 
ND 
17.7 
9.8 

Population at 
risk (x 1000) 

ND 
41,054 
11,600 

1,824 
ND 

1,475 
975 

12,500 

1,800 
3,000 
4,022 

1,112 
3,823 
2,146 

ND 
898 

6,766 
92,895 

Percentage of 
total 

population 

23 
32 
63 
47 

ND 
31 
33 
72 

32 
11 
54 

45 
41 
45 

ND 
47 
39 
25 

No. of 
infected 
persons 
(xlOOO) 

2,640 
6,180 
1,460 

300 
-

397 
37 

1,200 

1,300 
900 

1,100 

130 
30 

900 
-

200 
621 

17,395 

ND = no data. 
* Group I; countries in which control progî ams are operative and control activites are routine. 
" Demographic samples statistically representative of country. 
' Group II: countires in which control programs have been recently ortganized and control activites have 
started. 
'' Group 111: countries without control programs. 

Economic Impact 

Chagas disease is the third largest disease burden in Latin America with malaria 

and schistosomiasis causing the greatest burdens, respectively (TDR 1997). The disease 

10 



debilitates workers who are supposed to be in their prime. If they are unable to work, they 

are unable to support their families. In 2002, Chagas disease caused the loss of 680,000 

Disability Adjusted Life Years (DALYs), which represents the amount of time lost by 

those who would otherwise be productive, income-earning workers ("Pan African" 

2002). The social and economic ramifications of this statistic are considerable. According 

to the World Health Organization, the economic loss for Latin America due to early 

mortality and disability amounts to approximately $8.2 million (US) which equals 2.5% 

of the total external debt of all Latin America in 1995 ("Partnerships" 2001). 

The economically disadvantaged sufferers of Chagas disease are part of a vicious 

cycle; the poor get poorer. The poor cannot afford adequate housing, so they live in 

homes conducive to infection. These people become diseased, disabled, and are unfit to 

work; therefore, they cannot make a decent living or support their families. They cannot 

afford to improve their housing, and the cycle continues. 

Effects of Culture on the Disease 

Clearly, Chagas disease is a condition that targets the poor, perhaps more than any 

other disease. The triatomine vectors for the parasite find a favorable habitat in poor 

houses in rural areas and in peripheral urban slums ("Disease" 2002). There are several 

factors that explain these phenomena including the class system, poor housing conditions, 

and traditional cultural beliefs. The occurrence of Chagas disease in Latin America 

corresponds to the poorest rural regions, and those most deprived of sanitation and 

primary health care (Bastien 1998). 
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Social Stratification 

A prevailing repercussion of European colonization lies in the social stratification 

system that continues to exist in Latin America (Bastien 1998). The mestizo classes 

consist of upper-class, Spanish-speaking citizens who have adopted Western European 

ways. The campesinos are the lower-class laborers who speak in their native language 

and wear traditional clothing (McElroy and Townsend 1996). The mestizo classes 

continue to own the most resources, which invariably affects the housing conditions of 

the poorer campesinos, and the resources that are available to peasants, both urban and 

rural, are few (Bastien 1998). 

Housing Conditions 

The domestic habitat is ideal for the proliferation of a population of triatomines. 

The extraordinarily high infestation rates of triatomines in homes are largely attributed to 

the nature of the homes. Peasants are rarely homeowners because of their migratory 

lifestyles. They have neither the time nor money to invest in a home. For this reason, they 

build temporary housing made of refuse, which is deemed sub-standard by westerners. 

The mud floors and thatch-roofed shacks become easily infested with bugs and rodents. It 

is common for domestic animals to live alongside their owners in the homes. Wall 

decorations, mattresses, grain piles and firewood piles all provide prime hiding places for 

triatomines during the daylight hours. Between the human dwellers, their domestic 

animals, and the small rodents living in and around homes, the blood-sucking vectors 

12 



have a constant, reliable food supply. All of these are reasons why the risk of infection 

with Chagas disease is directly related to poverty. (Bastien 1998) 

Cultural Beliefs 

The house is a familial and cultural institution in many Latin American cultures. 

Bastien (1998) specifically describes Andean cultures that traditionally associate the earth 

and the home together; their homes are viewed as a shrine to the earth and to their 

ancestors. Despite the fact that "some houses are environments conducive to sickness, 

they are endowed with sacred, social, and economic meanings" (Bastien 1998: 89). 

It is difficult for some to view triatomines as dangerous because they do not 

associate the onset of sickness with the bug bites that occurred years earlier. In some 

communities it is common lo see children playing with the round, white eggs of 

triatomines. In fact, some view the eggs as a sign of fertility. Andean peasants view all 

living creatures as valuable and an integral part of life, and bugs such as triatomines are 

viewed as part of the house, lather than as the pests. For these reasons, destruction of 

triatomines and other bugs by insecticides is considered culturally insensitive (Bastien 

1998). 

13 



CHAPTER III 

CHAGAS DISEASE AND THE BIOLOGY 

OF ITS CAUSTATIVE AGENT 

Signs, Symptoms, and Etiology of the Disease 

Clinical diagnosis of Chagas disease is difficult without serological testing for the 

parasite because there is no clearly defined set of symptoms that can be used to 

unambiguously characterize the disease (Bastien 1998). There are three transitional 

phases to the disease. The acute phase occurs after the initial infection and can be fatal, 

especially in children. If acute symptoms subside, the disease moves into its intermediate 

phase in which the infected person experiences no symptoms. Each year 2-5% of those in 

the intermediate phase develop chronic symptoms, which are almost always an indication 

of a fatal infection (Umezawa 2000). 

Acute Phase 

It is estimated that 10% of children with acute Chagas disease will die from the 

infection; the mortality rate due to acute infection is much lower in adults (Bastien 1998). 

The acute phase occurs in approximately 1-2% of those infected with T. cruzi (Control 

2002). It is also possible to be infected with T. cruzi and never develop acute symptoms. 

Generalized symptoms of the acute phase can occur in any combination of the 

following: fever, enlarged liver and spleen, edema, swollen lymph glands, chills, 

diarrhea, vomiting, loss of appetite, tachycardia, headaches, excitation, muscle pain, or 

14 



rash, all of which result in general malaise. Specific humoral and cellular responses to the 

parasite determine the whether acute symptoms occur (Kirchofif 1992). The onset of 

symptoms is often sudden and unpredictable. They may last four to eight weeks, and 

treatment is important in preventing death; however, symptoms may subside even 

without treatment (Control 2002). 

The most noticeable symptom of Chagas disease is the development of a skin 

lesion at the site of the bug bite that lasts for several weeks. If the sore is near the eye. the 

eyelid becomes swollen and inflamed, and this is known as Romana's Sign. The local 

inflammatory swelling is caused by T. cruzi multiplying in fat cells. Romana's sign is 

present in only a fraction of those with acute Chagas disease; therefore, it cannot be the 

only symptom used in diagnosis (Bastien 1998). 

Many symptoms of the acute phase are caused by the nonspecific, inflammatory 

response of the immune system that is attacking T. cruzi (Morrot and Scharfstein 1999). 

The inflammatory response increases blood flow and temperature, and activates 

phagocytes, which are cells that engulf foreign elements, as well as complement, which 

are proteins that work with antibodies to destroy foreign elements (Madigan 2000). T. 

cruzi is transported throughout the body in the lymphatic system, invading host cells 

along the way. The organisms reproduce inside these cells causing them to rupture, which 

creates lesions of the infected tissue (Andrade 1999). 

15 



Intermediate Phase 

The intermediate phase of Chagas disease represents a state of host-parasite 

equilibrium, in which the disease remains in a prolonged asymptomatic period that may 

last for decades (Andrade 1999). Parasites may still be found in circulation, and thus 

serological evidence for infection is obtainable. However, it is possible for a person to be 

seropositive for the parasite and remain symptom free indefinitely; the majority of those 

infected with the parasite will remain in this phase (Control 2002). 

Chronic Phase 

Symptoms of the chronic phase manifest themselves in two main categories: 

cardiac or digestive. Of those infected with the parasite, 30-40% develop cardiac 

symptoms, and 10% develop digestive symptoms (Umezawa 2000). Chronic cardiac 

symptoms may include cardiomegaly, arrhythmias, or other cardiomyopathies. Chronic 

digestive symptoms include megacolon, causing severe and prolonged constipation and 

megaesophagus, causing dysphagia. Malnutrition and anorexia are secondary 

consequences of these "megasyndromes" (Kirchoff 1992). 

Chronic symptoms are caused by denervation of certain tissues under attack by T. 

cruzi (Andrade 1999). For example, in the digestive form of the chronic phase, this loss 

of neural function results in a malfunctioning of peristalsis. \iT. cruzi attacked the 

esophagus, then a symptom would be dysphagia, or if the parasite attacked intestines a 

symptom could be constipation. 
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There are two main schools of thought regarding the pathogenesis of chronic 

symptoms of the disease. The first states that chronic lesions result from persistent 

neuronal damage caused by invading parasite at specific tissues, and the second school 

holds that chronic lesions are caused by an autoimmune response in which the body sees 

its own cells as "nonself' and destroys them (even in the absence of the parasites) 

(Control 2002). Understanding the pathogenesis is necessary in order to pinpoint a 

mechanism of the infection that can be manipulated by pharmaceutical researchers who 

work on discovering drug treatments. 

Treatment 

Chemotherapy 

Medication is highly recommended to minimize parasitic invasion of vital tissues 

that causes Chagas disease (Bastien 1998). The general benefits provided by drug therapy 

justify medication for any individual suffering from the disease. A person is cured from 

the disease only when a previously positive diagnostic test turns to negative (Control 

2002). These tests tend to become negative from six to eight months after treatment, and 

the cure is considered successful when tests remain negative for at least one year after the 

end of treatment (Bastien 1998). 

There have been two primary drugs used to treat Chagas disease; niflirtimox is a 

5'-nitrofiiran derivative, and benznidazole is a 2'-nitroimidazole derivative. Both drugs 

have antiprotozoal properties. Medication is usually effective when administered during 

the acute to early chronic phase, as well as in congenital cases. (Control 2002) A cure rate 
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of 90% is claimed if these drugs are administered at an early stage and in prescribed 

dosages (Bastien 2002). Dosages for the drugs are listed in Table 2. 

Table 2 

Chemotherapeutic Drugs for Chagas Disease 

Source: "Drugs for Parasitic Infections," The Medical Letter. 2002. 

Drug Adult Dosage Pediatric Dosage 
Benznidazole 5-7 mg/kg/d in 2 divided doses x Up to 12 years: 10 mg/kg/d in 2 

30-90 days doses x 30-90 days 

Nifurtimox 8-10 mg/kg/d in 3-4 doses x 90- 1-10 years: 15-20 mg/kg/d in 4 
120 days doses x 90 days; 

11-15 years: 12.5-15 mg/kg/d in 4 
doses X 90 days 

Many sources indicate that once the disease has progressed to latter stages, no 

medication has been proven effective. However, according to the World Health 

Organization, this conclusion is no longer completely valid (Control 2002). There is now 

evidence that when benznidazole was administered to schoolchildren in the chronic phase 

of the disease, some 60% of previously positive serological tests turned to negative 

(Control 2002). In another long-term follow-up study, reduced severity of the disease was 

found in individuals with chronic cardiomyopathy after nearly a decade of treatment with 

benznidazole (Control 2002)_. 

Nifurtimox and benznidazole are administered as powders diluted in water. 

Although there is no clear advantage of one drug over the other, it has been claimed that 

benznidazole has less geographic variation in cure rates, whereas the effectiveness of 

nifurtimox varies according to different geographical areas. This is most likely due to 

varying degrees of drug sensitivity in different strains of T. cruzi (Bastien 1998). 
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Treatment with both drugs is accompanied by and often limited by various side-

effects, sometimes more severe than the symptoms of the disease ("Chagas disease" 

2002). Nifurtimox side effects include nausea, skin rashes, peripheral neuritis, bone-

marrow depression, loss of weight, loss of memory, and sleeping disorders, which may 

lead to depression and general malaise (Bastien 1998). These side effects may exist to 

such a degree that few patients complete the treatment period. Benznidazole comes with a 

high incidence of nausea, vomiting, abdominal pain, skin rashes, and other neurological 

symptoms (Bastien 1998). 

Another major limitation to chemotherapy is the cost and availability of these 

drugs to the sufferers of the disease. Treatment is expensive and requires a specialized 

clinical infrastructure that is often beyond the reach of the patient residing in an endemic 

area ("Chagas disease" 2002). Neither benznidazole nor nifurtimox is available from 

pharmacies in the United States; however, nifurtimox can be obtained from the Center for 

Disease Control and Prevention ("Drugs" 2002). 

Discovery and development of new chemotherapeutic agents is imperative, but 

the costs of drug development in the pharmaceutical industry have increased in recent 

years (Control 2002). When a pharmaceutical company's potential return on its 

investment is risky, it is less likely to invest in drug development. The commercial 

market for drugs for Chagas disease is currently rather small in comparison to the number 

of people infected; therefore, there is little economic incentive for companies to work on 

new drug treatments for the disease. However, cooperative efforts between the 

pharmaceutical companies, international aid organiztions, and government agencies 
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create hope for the development and distribution of drugs to treat Chagas disease (Bastien 

1998). 

Ethnomedicine 

Humoral medicine was brought to Latin America by the Spaniards and has been 

practiced for thousands of years in the Mediterranean and Middle East (McElroy and 

Tovmsend 1996). Prevention and treatment of sickness involve maintaining the body's 

equilibrium in the fundamental qualities of nature, which are hot and cold, wet and dry. 

Traditional Andean medicine views health as a balance and dispersal of air, blood, and fat 

maintained by the centripetal and centrifugal motion of these humors in the body (Bastien 

1998). Sickness is associated with either loss of fluids or the retention of fluids. Andean 

treatments include herbal teas ingested to increase fluids, and enemas and purgatives to 

expel fluids (Bastien 1998). 

Regardmg treatment for disease, it is important to understand of the beliefs of 

those who are suffering. Western biomedicine may not always provide the most effective 

modes of treatment because it does not always coincide with traditional cultural beliefs. 

Kallawayas are renowned herbalists from the Andean region of South America who 

employ concepts of hydraulics and centripetal and centrifugal motion and utilize about a 

thousand medicinal plants (Bastien 1998). Refering to the qualities of blood according to 

hot, cold, wet, and dry, they frequently associate symptoms of Chagas disease, especially 

constipation, with blood that is cold and wet; this implies a malfianctioning of the body's 

hydraulic system, and thus a need for strong purgatives (Bastien 1998). This causal 
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understanding of the symptoms of Chagas, rather than the invasion of a parasite, is one 

example of how ethnomedicine, though much different from biomedicine, can be used to 

effectively treat the disease. 

Bastien (1998) makes clear that Andeans have effectively adapted to Chagas 

disease for thousands of years, demonstrating that traditional medical systems can work 

independently of biomedical systems, and that it is not necessary that Andean people 

understand Chagas disease in terms of Western biomedicine. 

Transmission 

Vector Transmission 

The primary mode of transmission for T. cruzi occurs via a triatomine insect 

vector. Regarding human transmission, triatomines hide in the cracks and crevices of 

houses during the day and come out at night looking for a blood meal. After triatomines 

take their meals, they deposit feces contaminated with the trypomastigote form of T. cruzi 

near the site of the wound, which becomes a portal for the parasite. T. cruzi can also enter 

through other openings in the body, such as the eyes or mouth. Once inside the wound, T. 

cruzi begins the process of reproducing and relocating to vital tissues. 

Transfusional 

The secondary mode of transmission to humans occurs through blood transfusions 

with infected blood. T. cruzi finds its way to far away lands via blood and organ 

transplants. This is possible because Latin American countries are major exporters of 

blood (Bastien 1998). 
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Infectivity risk, defined as the likelihood of being infected when receiving an 

infected transftision unit, is estimated to be 20% for T. cruzi (Control 2002). The 

migratory trend seen in Latin American populations from rural to urban areas has 

increased the chances of becoming infected by transftision (Leiby 2000). Also, the 

migration seen from Chagas-endemic countries to the United States raises concerns about 

transfusional transmission in the United States (Zayas 2002). 

Congenital 

The congenital mode of transmission occurs less frequently than other methods. 

In general, rates of congenital infection are less than 10% (Bastien 1998). Mothers can 

potentially pass on the parasite to their children via the placenta, birth canal, and/or 

maternal milk. Congenital transmission depends directly on the number of parasites 

present in women. The risk of congenital transmission varies according to different 

epidemiological factors, however the mechanisms of infection from mother to child are 

not clearly understood (Control 2002). Possibilities include diffusion of the parasite 

across the extra-embryonic membranes, or through the maternal blood supply (Bastien 

1998). 

Cases of congenital Chagas disease have been reported in Argentina, Bolivia, 

Brazil, Chile, Colombia, Guatemala, Honduras, Paraguay, Uruguay, and Venezuela; in 

endemic areas where vector control programs are in place, a decrease in congenital 

disease can be expected (Control 2002). However, in Santa Cruz, a prevalence of 9.5% 
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congenital Chagas disease has been recorded (TDR 1997). This demonstrates the 

importance of identify ing congenital transmission both in urban and rural areas. 

Trypanasoma cruzi 

T. cruzi is an obligate intracellular protozoan parasite that causes Chagas Disease. 

It exists in multiple morphological forms as it completes a life cycle, which involves 

parasitic stages both in blood-sucking triatomine bugs and mammalian hosts. 

Classification 

The full taxonomic name of the agent that causes Chagas disease is Trypanosoma 

(Schizotrypanum) cruzi. It is a eukaryotic microorganism indicating it has a true nucleus 

and intramembraneous organelles. More specifically, it is a protozoan, which indicates it 

is unicellular, lacks a cell wall, and is motile. It belongs to the protistan phylum 

Sarcomastigophora indicating the existence of a flagellum, and is a member of the order 

Kinetoplastida indicating the presence of a kinetoplast. (Madigan 2000) The genus 

Trypanosoma is parasitic, and it belongs to the subgenus Schizotrypanum since it 

multiplies in vertebrates via intracellular stages (Control 2002). 

Life Cycle 

T. cruzi exists in three developmental stages: trypomastigote, epimastigote. and 

amastigote. These stages are identified by the relative position of an organelle called the 
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kinetoplast in relation to the cell nucleus and the emergence of the flagellum (Brener 

1999). 

T. cruzi exist as epimastigotes during the reproductive stages of the protozoan. 

Multiplication is done by binary fission in either the smooth muscle cells of their hosts or 

in the midgut of their vectors. The infectious form of T. cruzi is the trypomastigote form, 

which exists in the hindgut and feces of its vectors, and infected tissues of its mammalian 

hosts, including blood cells (Kirchoff 1992). 

The typical life cycle begins when a triatomine bug carrying the parasite defecates 

after it has taken a blood meal from a mammal. The victim of the bug bite unknowingly 

rubs the feces into the wound caused by the bite or a nearby mucous membrane. The 

trypomastigotes then invade the mammalian host cells and transform into intracellular 

amastigotes, which then divide by binary fission and differentiate into bloodform 

trypomastigotes that travel hematogenously, infecting distant tissues with great affmity 

towards cardiac tissue and organs of the digestive tract (Kirchoff 1992). In these vital 

tissues, they transform into intracellular amastigotes; host cells will rupture causing 

lesions and tissue damage (Kirchoff 1992). The life cycle is completed when a triatomine 

bug ingests blood infected with T. cruzi during a blood meal ("Trypanosomiasis" 2002). 

Morphology 

There are several characteristic organelles of T. cruziX. As mentioned, T. cruzi has 

a flagellum. The flagellum is responsible for the parasite's mobility, and is attached to the 

basal body and comes forth from the flagellar pocket, which is involved in the ingestion 
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and uptake of nutrients from the external medium (Brener 1992). In the trypomastigote 

form, the flagellum is posterior to the nucleus; in the epimastigote form it begins near the 

center; amastigotes have a knob-like flagellum (Brener 1992). 

T. cruzi exhibits a single, tubular mitochondrion providing a workbench for 

cellular respiration processes. Situated on the mitochondrion is the kinetoplast. The 

kinetoplast is a fibrous network of extranuclear DNA forming a rounded or rod-like 

structure. Kinetoplast DNA (kDNA) accounts for about 30% of the total cell DNA (de 

Souza 1999). The size and shape of the kinetoplast differs depending on developmental 

stages, and with the flagellum, the kinetoplast's relative positioning (with respect to the 

nucleus) differentiates between stages of T. cruzi (Brener 1999). In the trypomastigote 

form, the kinetoplast is at the posterior end near the flagellum, and in the epimastigote 

form the kinetoplast is anterior to the nucleus (de Souza 1999). The role played by kDNA 

has not been determined, but it seems to be necessary for parasite viability (Brener 1999). 

The cell surface of T. cruzi is of particular interest because cell surface antigens 

are responsible for immune response in the infected hosts (Morrot and Scharfstein 1999), 

These antigens include glycoproteins, polysaccharides, and lipids on the plasma 

membrane (Brener 1999). It is believed that several surface molecules including 

glycoproteins are involved in the parasite penetration event (de Souza 1999). 

Other T. cruzi organelles also common to eukaryotic organisms are the nucleus, 

endoplasmic reticulum, ribosomes, Golgi complex, and peroxisomes (de Souza 1999). 
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Strains 

Aside from having different developmental stages, T cruzi is a heterogeneous 

population; i.e. different strains of the parasite exist. Strains circulate in both "domestic" 

and "sylvatic" cycles. A domestic cycle is one that involves humans and their pets as 

potential hosts, and sylvatic cycles exist in the wild mvolving undomesticated animal 

reservoirs. Biologists characterize strains by morphology of blood forms, levels of 

parasitemia, virulence, pathogenicity, and sensitivity to drugs. Characterization of strains 

at the molecular level is based on surface membrane carbohydrate residues, isoenzymes, 

and electrophoresis of fragmented kDNA. (Brener 1999) 

Molecular techniques have shown that in human patients, different T. cruzi strains 

may have a predilection to infect different tissues (Control 2002). Some scientists 

believed that the invasion capability of trypomastigotes is strain-dependent (Morrot and 

Scharfstein 1999). In the development of new drugs, it is important to recognize that 

varying strains exhibit different degrees of sensitivity to chemotherapeutic agents 

(Control 2002). 

Detection 

In the early acute stage of the disease, parasitologicial diagnosis is possible 

because T. cruzi can be seen in blood smears ("Trypanosomiasis" 2002). During this 

stage, the trypomastigote form of the parasite exists in the peripheral blood, and under the 

microscope, the trypomastigotes are easily detectable because of their motility (Control 

2002). Xenodiagnosis is another method of parasite detection in the acute stage (Kirchoff 
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1992). The processes of xenodiagnosis involves letting an uninfected triatomine feed on a 

patient's armpit, allowing it to extract blood for up to 30 minutes. Thirty days later, the 

fecal matter of the bug is tested for T cruzi (Bastien 1998). A more sophisticated 

parasitological method of detection utilizes Polymerase Chain Reaction techniques and 

amplified DNA from the parasite. The sensitivity of these methods of directly testing for 

the parasite in blood depends on the level of parasitemia of the individual (Control 2002). 

Once the acute infection subsides, the parasite is rarely, if ever, found in blood 

samples (Andrade 1999). In the intermediate and chronic phases of Chagas disease, the 

method of choice for detecting the presence of T. cruzi is immunodiagnosis, i.e., antibody 

detection ("Trypanosomiasis" 2002). Immunodiagnosis is generally not highly effective 

for the acute phase because the immune system is still in the process of mounting 

antibody defense (Bastien 1998). 

Infection by a foreign element causes the immune system of the body to produce 

antibodies against the invaders. There are five classes of antibodies in the human immune 

system (IgG, IgE, IgD, IgM, and IgA), and each plays a different role (Madigan 2000). In 

the acute phase of the disease, elevation of the IgM class of antibodies is frequently 

found, whereas the IgG class is more often characteristic of the chronic phase (Control 

2002). Immunodiagostics involves the direct or indirect testing of specific antibodies in 

order to determine whether or not a specific antigen is present. In the case of Chagas 

disease the "antigen of interest" is the parasite T. cruzi. 
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Triatomines 

Triaitomine insects are vectors of the protozoan parasite T. cruzi that causes 

Chagas Disease. They belong to the order Hemiptera, family Reduviidae, and subfamily 

Triatominae (Control 2002). There are approximately 130 known species of triatomines, 

and 100 of these species come from three genera: Triatoma, Rhodnus, and Panstrongylus 

(Control 2002). In Central and South America, there are four important species 

implicated in Chagas disease, P. megistus, R. prolixus, T infestans, and T. dimidiate; in 

Mexico it is T Barberi. The United States T. sanguisuga, T. gerstaeckeri, and T 

protracta are the primary vectors (Goddard 1996). 

Triatomines are commonly knovm as "assassin bugs" or "kissing bugs" because 

of their aptness to bite their victims on the face, and in Latin America, popular names for 

the bugs are ""vinchuchas " or "chipos" ("Disease" 2002). In Brazil they are called 

"barbeiros, " comes from the Portuguese word for "barber" (Bastien 1998). 

Triatomines are approximately one inch long with a cone-shaped head and an 

oval-shaped abdomen. As insects, they have six legs, and adults have transparent wings 

that are used for gliding more than flying. They have bulbous eyes, but they use their heat 

sensitive antennas to find warm-blooded creatures on which to feed. They are generally 

black or brown with orange and black markings. The proboscis, a slender, needle-like 

projection attached to the front of the head, is used to ingest blood from animals and 

humans. The proboscis is coated with an anesthetic, which makes the bite rather painless 

despite the puncture wound that results. Subsequent reactions to bites range from a single 

small hole to a giant lesion (Goddard 1996). 
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Tnatomines go through five instar stages of metamorphosis, and they need one 

blood meal for each instar stage. Triatomines may fast for 200 days, but in order to 

develop, they require blood meals (Control 2002). Newly hatched triatomines are the size 

of a flea, but the adults are the size of a cockroach. In the adult stage they grow wings, 

copulate, lay eggs and die (Bastien 1998). 

Tnatomines feed on vertebrate blood. In just 30 minutes they can suck up to 300 

milligrams of blood, which is more than their body weight. Upon finishing a blood meal, 

the engorged abdomen of the triatomine triggers peristalsis and the bug defecates at the 

site of the feeding. If the triatomine is carrying T. cruzi, the feces will contain the 

trypomastigote form of the parasite. Frequently, the victim of the bite inadvertently rubs 

the feces into the wound in either an attempt to shoo away the bug or soothe the irritation 

caused by the bite itself Other ports of entry for T. cruzi are the nearby mucous 

membranes of the eye, nose, and mouth (Bastien 1998). 

Triatomines are nocturnal. They hide out during the day and feed at night on their 

sleeping victims. In a domestic habitat, they prefer nesting in roofs and ceilings, cracks in 

walls, behind wall hangings, in mattresses, and other dark, hidden places. In the 

peridomicile habitat, which describes the area immediately surrounding a domestic 

dwelling place, they can be found in logs, under rocks, in nests, and in firewood piles 

(Goddard 1996). 

Triatomines are obligatory blood feeders, and therefore their relationship with 

their blood sources often affects their behavior. The distribution of triatomines is 

dependent on the availability of the food supply, which accounts for the typical 
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distribution of triatomines around human domiciles. Competition for food may also cause 

triatomines to search for new habitats. Triatomines may leave their sylvatic habitats for 

the more stable domestic environment because human dwellings provide a steady blood 

supply, as well as a variety of hiding places (Control 2002). 
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CHAPTER IV 

PREVENTION AND CONTROL OF CHAGAS DISEASE 

Complete elimination of Chagas disease is probably not a reasonable goal because 

the parasite lives in such a large variety of mammalian hosts, and the vectors exist 

naturally in sylvatic reservoirs, which makes complete extermination impossible (TDR 

1997). Control efforts are based primarily on vector and transfusional control; however, 

control programs will not be successfial unless the program beneficiaries are involved and 

have adequate information. Education must be provided in a context with which the 

target audience can relate. 

Vector Control 

Ninety percent of Chagas disease cases are thought to be insect-transmitted; 

therefore, vector control is vital to Chagas disease control programs (Beard 2000). 

Entomological research on domestic and sylvatic species is recommended to better 

understand population trends. Sylvatic populations are so ubiquitous that they cannot 

reasonably be eliminated, thus control programs aimed at reducing contact with vectors 

must continue for an extended length of time (Kirchoff 1992). Some triatomine species 

are not entirely domestic and can re-infest dwellings from sylvatic environments 

("Chagas disease" 2002). 

31 



Housing Improvernent 

Triatomines find substandard houses to be ideal habitats to live because they 

provide prime hiding places during the day in the cracks of the adobe walls, mud floors, 

and thatch roofs. Improving housing involves replacing the adobe walls and thatch roofs 

of dwellmgs with plastered walls and metal roofs, thus eliminating hiding places for the 

vectors. Better housing along with improved domestic hygiene and sanitation reduces the 

opportunity for triatomines to transmit disease (Bastien 1998). 

Insecticides 

Insecticides are typically administered via fumigation canisters or slow-release 

insecticidal paints ("Chagas Disease Fact Sheet" 2002). Control programs based solely on 

insecticide use in and around domestic habitats are fiindamentally flawed because of the 

likelihood of re-infestation (Beard 2000). Control programs need to be aware of 

inhabitants' beliefs and feelings towards insecticides before incorporating them into 

extermination tactics. According to a report published by the World Health Organization, 

insecticides were deemed suitable as long as the inhabitants were able to participate in the 

insecticide application (TDR 1997). 

Transfusional Control 

Transfusional control efforts are in place in most countries. Ten countries in 

South America and three in Central America require blood screening of all their donors. 

Transfusional infection rates vary from 0.1-4.2% in Argentina, Brazil, Chile and 
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Uruguay, and can be up to 24.4% in Bolivia. Some control programs are trying to 

standardize diagnostic screening procedures to include tests for T cruzi as well as HIV 

and hepatitis B, which already receive the concern and attention of health departments 

("Chagas disease" 2002). 

A 1993 report analyzed nation by nation comparisons for blood donor screening 

m four Central American countries and six countries in South America (Schmunis 1999). 

Table 2 presents the number of donors, screening coverage, prevalence rates for T cruzi 

antibodies, and the ratio of infections to donations among blood donors in each one of the 

ten countries that provided information. Estimates were based on results of screening 

activities as reported by the countries (Schmunis 1999). The data provide a synopsis of 

the potential risk of receiving tainted blood. 

Table 2 

1993 Serology for T. cruzi in blood donors 

Source: Gabriel A. Schmunis, "Prevention of Transfijsional T. cruzi Infection in Latin 
America," 1999. 

Country No. of donors Screening coverage 
(% of donors with 

serology) 

Prevalence Ratio infections/ 
donations 

Bolivia 
Chile 
Columbia 
El Salvador 
Ecuador(1994) 
Guatemala 
Honduras 
Nicaragua 
Paraguay (1994) 
Venezuela 

37,948 
217,312 
352,316 
48,048 
98,473 
45,426 
27,885 
46,001 
32,893 

203,316 

29.4 
76.7 

1.4 
42.5 
51.0 
75.0 

100.0 
58.4 
95.5 

100.0 

14.81 
1.20 
1.20 
1.47 
0.20 
1.40 
1.24 
0.24 
5.30 
1.32 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

46 
92 
403 
4,924 
565 
1,377 
3,984 
4,600 
802 
3,584 
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Control Initiatives 

Southern Cone lnit̂ p t̂ivp 

In 1991 a commission of health ministry representatives from Argentina, Brazil. 

Bolivia, Chile, Paraguay, Uruguay established the Southern Cone Initiative. The 

objectives of the initiative were geared toward the elimination of the primary vector 

Triatoma infestans (a predominately domestic species) and the interruption of the 

transftisional transmission of the disease ("Pan African" 2002). In these six countries, 

house infestation rates fell approximately 90% between 1982 and 2000. Specific 

legislation requiring serological screening of donors was introduced. Subsequently 

325,000 new cases of Chagas disease have been prevented annually since 1995 

("Partnerships" 2002). 

Uruguay claimed successful interruption of both vector-borne and transfiisional 

transmission of 7. cruzi in 1997. Successful interruption of vector-borne transmission 

was declared in 1999 by Chile, and in 2000 by 8 of 12 Chagas-endemic states in Brazil, 

and in 2001 by four provinces in Argentina. Substantial improvements in preventing 

transmission in Bolivia and Paraguay have also been reported ("Pan African" 2002). 

Countries of the Southern Cone Initiative have invested more than $400 million 

(US) in Chagas disease control activities ("Chagas disease" 2002), but it is estimated that 

their prevention and control efforts have saved more than $1.14 billion (US) in health 

care expenditures and social security costs ("Partnerships" 2002). It is also estimated that 

when transmission has been successfully interrupted in the six countries of the Southern 

Cone Initiative, the incidence of the disease in all Latin America will have been reduced 
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by more than 70% (TOR 1997). Once transmission has been interrupted the major 

challenge is to maintain that stability. 

Central American Initiative 

The Central American Initiative was created in 1997 and member countries 

include Belize, Costa Rica, El Salvador, Guatemala, Honduras and Panama. Objectives of 

the initiative are interruption of vector-borne transmission caused by R. prolixus, 

reduction of domestic infestations of T. dimidiata, and elimination of transftisional 

transmission. Some progress has been made regarding the implementation of vector 

control and blood safety measures (TDR 1997). 

Andean Initiative 

The Andean Initiative was launched in 1997 and covers Colombia, Ecuador, Peru, 

and Venezuela; vector control programs have been adapted to suit the local vectors, and 

blood banks are working to establish quality control measures (TDR 1997). The target 

date for interruption of the transmission of Chagas disease in these countries is 2010 

("Partnerships" 2002). 

Concluding Thoughts 

The success of the Southern Cone Initiative has demonstrated that the 

transmission cycle of 7! curzi can be interrupted. In a book entitled Implementation and 

Public Policy, political scientists Daniel Mazamanian and Paul Sabatier analyze the 

35 



components m helping to ensure successftil implementation of statutes and programs 

(1989). The authors delineate "a checklist of specific factors to be considered in 

estmiatmg the likelihood that a particular program will achieve its legal objectives" 

(Mazamanian and Sabatier 1989: 41). 

These six conditions of effective implementation may be applied to control 

programs for Chagas disease. First, the objectives of the program must be clear and 

consistent. Chagas disease control programs ought to first determine the most effective 

method of transmission to be interrupted. The program needs to establish appropriate 

vector or transfusion control methods. 

Second, the program must be based on "sound theory" so that there is a clear link 

between the cause and effect of the program blueprint and its goals. For example, if the 

goal is to interrupt transmission by a vector, then the program must be designed for that 

particular vector and its habitat while taking into consideration the chance for re-

infestation by sylvatic populations. 

Third, the programs must be structured so that those implementing the objectives 

can accomplish them efficiently and those receiving the benefits can obtain them easily. 

In order for this to occur, programs must be suppHed with adequate resources. 

Fourth, the program leaders must be committed to achieving the program goals. It 

is also important that leaders, if their beliefs are different from the benefactors, 

demonstrate understandmg and cultural sensitivity. 

Fifth, the benefactors of the program must be supportive. Gaining support for 

programs may be accomplished by encouraging the benefactors to become involved in 
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the project. For example, a control program aimed at home improvement may ask the 

homeowners to provide the labor themselves if the program implementers provide the 

materials. 

Sixth, the goals of the programs must be long term and cannot be undermined 

over time. For example, vector control programs centered on insecticides have little 

chance of successful longevity unless steps to combat re-infestation are carried out. 

Chagas disease is interesting to study because it intertwines several scientific and 

social disciplines. From the perspective of the biologist, Chagas disease demands 

attention because of the disease-causing agent T. cruzi. Infection with T. cruzi can 

manifest itself through an array of symptoms, yet some infected people exhibit no 

symptoms at all. This indicates that natural immunity towards T cruzi exists, but can 

natural immunity be mimicked by medication? What must be present or absent for 

symptoms to occur? What triggers the transition from the intermediate stage to the 

chronic stage? These are hard questions to answer definitively because infection often 

goes unrecognized unless a person is sick. In the field, it is not ethically sound to study a 

population knowing that it is "at risk" without providing any means of prevention. 

Another perplexing topic for researchers is the pathogenesis of Chagas disease. Recall 

that there are two schools of thought regarding this matter. Debate on whether or not 

Chagas disease should be considered an autoimmune disease still exists. 

Chagas disease is equally interesting from a anthropological viewpoint. The high 

correlation between Chagas disease and the economic status of those most affected by it 

raises several questions. How much global attention would be paid if an outbreak 

37 



occurred in the United States? Does the social stigma associated with Chagas disease hurt 

the chances of major research funding? Chagas disease is rampant in some areas partly 

because particular domestic lifestyles support the life cycle of T. cruzi. How do control 

programs with a biological focus remain effective yet sensitive to native cultural beliefs? 

Controlling Chagas disease is feasible, but a holistic approach to understanding 

the disease is necessary due to its biological and social complexities. More research is 

desperately needed in order to answer some of the key biological questions posed in this 

review. Government agencies of the Chagas disease-burdened countries as well as relief 

agencies need to continue to dedicate resources to prevention and control programs. An 

increase in the number of local control programs that implement guidelines similar to 

those outlined by Mazamanian and Sabatier is also recommended. 
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